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1
METHOD AND APPARATUS FOR LOCATION
AIDED HIGH FREQUENCY OPERATIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Patent Application No. 61/864,423, entitled, “METHOD
AND APPARATUS FOR LOCATION AIDED HIGH FRE-
QUENCY OPERATIONS?”, filed on Aug. 9, 2013, which is
expressly incorporated by reference herein in its entirety.

BACKGROUND

1. Field

Aspects of the present disclosure relate generally to wire-
less communication systems, and more particularly, to estab-
lishing and maintaining high frequency communications in a
wireless network.

2. Background

Wireless communication networks are widely deployed to
provide various communication services such as voice, video,
packet data, messaging, broadcast, and the like. These wire-
less networks may be multiple-access networks capable of
supporting multiple users by sharing the available network
resources. Such networks, which are usually multiple access
networks, support communications for multiple users by
sharing the available network resources. One example of such
a network is the Universal Terrestrial Radio Access Network
(UTRAN). The UTRAN is the radio access network (RAN)
defined as a part of the Universal Mobile Telecommunica-
tions System (UMTS), a third generation (3G) mobile phone
technology supported by the 3rd Generation Partnership
Project (3GPP). Examples of multiple-access network for-
mats include Code Division Multiple Access (CDMA) net-
works, Time Division Multiple Access (TDMA) networks,
Frequency Division Multiple Access (FDMA) networks,
Orthogonal FDMA (OFDMA) networks, and Single-Carrier
FDMA (SC-FDMA) networks.

A wireless communication network may include a number
of base stations or node Bs that can support communication
for a number of user equipments (UEs). A UE may commu-
nicate with a base station via downlink and uplink. The down-
link (or forward link) refers to the communication link from
the base station to the UE, and the uplink (or reverse link)
refers to the communication link from the UE to the base
station.

A base station may transmit data and control information
on the downlink to a UE and/or may receive data and control
information on the uplink from the UE. On the downlink, a
transmission from the base station may encounter interfer-
ence dueto transmissions from neighbor base stations or from
other wireless radio frequency (RF) transmitters. On the
uplink, a transmission from the UE may encounter interfer-
ence from uplink transmissions of other UEs communicating
with the neighbor base stations or from other wireless RF
transmitters. This interference may degrade performance on
both the downlink and uplink.

As the demand for mobile broadband access continues to
increase, the possibilities of interference and congested net-
works grows with more UEs accessing the long-range wire-
less communication networks and more short-range wireless
systems being deployed in communities. Research and devel-
opment continue to advance the UMTS technologies not only
to meet the growing demand for mobile broadband access, but
to advance and enhance the user experience with mobile
communications.
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In general, wireless communications networks implement
the aforementioned uplink and downlink communications
between base stations and UEs using a low frequency carrier
signal (e.g. 400 MHz-3 GHz). For example, current 3G net-
works utilize 850, 1700, 1900 and 2100 MHz frequencies and
current 4G technologies utilize 700, 800, 1700, 1900, 2100
and 2500 MHz frequencies. Low frequency carrier signals
provide certain advantages which have assisted with the
widespread deployment of wireless networks. Such frequen-
cies provide for a balance of coverage area range capabilities
and the ability to handle a large number of UEs.

It is generally understood that the higher the frequency
utilized, the smaller the available coverage area becomes.
This is true even within the range of low frequency networks
(e.g. 1900 MHz transmissions generally do not cover as much
distance as an 800 MHz transmission). Further, it is under-
stood that use of the higher end of the low frequency range,
such as 1900 MHz, allows for higher bandwidth and the
ability to provide service to more UEs.

Wireless communication networks generally do not utilize
frequencies in a much higher range, e.g. 20 GHz-60 GHz
because such high frequency signals would suffer multiple
drawbacks if they were to be deployed in a wireless commu-
nication network setting. For example, at a frequency of 28
GHz, the free space path loss of a signal is 20 dB larger than
a 2 GHz signal. Oxygen absorption and other atmospheric
conditions (e.g. presence of rain, water vapor and the like)
also impact high frequency signals more adversely. Penetra-
tion loss is also much larger at high frequencies when a signal
encounters buildings, foliage, etc. Because of this, high fre-
quency communications are not utilized in typical wireless
communications networks.

Further, communication at high frequencies often requires
line of sight (LOS) connections. This raises multiple techni-
cal challenges for initially aligning a beam which facilitates a
connection and maintaining communications between a base
station and a UE, especially in an environment where the UE
is mobile. For example, current beam scanning methods, e.g.
utilized in IEEE 802.15.3c, require successive scans and
beam refinements using layered training and feedback tech-
niques. The successive scans eventually lead to a beam align-
ment between a base station and a UE, but such an alignment
takes a considerable amount of time. Additionally, these
methods are limited in the types of environments that may be
utilized. For example, such beam scanning is usually only
implemented in short range indoor systems with reasonable
signal to noise ratio properties and will also usually allow for
wide beams.

SUMMARY

In one aspect of the disclosure, a method of wireless com-
munication includes establishing, by a network device, a con-
nection with a user device within a wireless network, receiv-
ing location information regarding the user device, and
configuring a second network device to beamform a high-
frequency communication transmission to the user device
based on the received location information.

In an additional aspect of the disclosure, a method of wire-
less communication includes establishing, by a user device, a
connection with a network device within a wireless network,
providing location information corresponding to the user
device to the network device, and establishing a high-fre-
quency communication connection by the user device with a
network device which has been beam-formed based on the
provided location information.
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In an additional aspect of the disclosure, an apparatus
configured for wireless communication includes means for
establishing, by a network device, a connection with a user
device within a wireless network, means for receiving loca-
tion information regarding the user device, and means for
configuring a second network device to beamform a high-
frequency communication transmission to the user device
based on the received location information.

In an additional aspect of the disclosure, an apparatus
configured for wireless communication includes means for
establishing, by a user device, a connection with a network
device within a wireless network, means for providing loca-
tion information corresponding to the user device to the net-
work device, and means for establishing a high-frequency
communication connection by the user device with a network
device which has been beam-formed based on the provided
location information.

In an additional aspect of the disclosure, an apparatus
configured for wireless communication includes at least one
processor and a memory coupled to the processor. The pro-
cessor is configured to establish, by a network device, a
connection with a user device within a wireless network, to
receive location information regarding the user device, and to
configure a second network device to beamform a high-fre-
quency communication transmission to the user device based
on the received location information.

In an additional aspect of the disclosure, an apparatus
configured for wireless communication includes at least one
processor and a memory coupled to the processor. The pro-
cessor is configured to establish, by a user device, a connec-
tion with a network device within a wireless network, to
provide location information corresponding to the user device
to the network device, and to establish a high-frequency com-
munication connection by the user device with a network
device which has been beam-formed based on the provided
location information.

In an additional aspect of the disclosure, a computer pro-
gram product has a computer-readable medium having pro-
gram code recorded thereon. This program code includes
code to establish, by a network device, a connection with a
user device within a wireless network, code to receive loca-
tion information regarding the user device, and code to con-
figure a second network device to beamform a high-fre-
quency communication transmission to the user device based
on the received location information.

In an additional aspect of the disclosure, a computer pro-
gram product has a computer-readable medium having pro-
gram code recorded thereon. This program code includes
code to establish, by a user device, a connection with a net-
work device within a wireless network, code to provide loca-
tion information corresponding to the user device to the net-
work device, and code to establish a high-frequency
communication connection by the user device with a network
device which has been beam-formed based on the provided
location information.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram conceptually illustrating an
example of a mobile communication system.

FIG. 2 is a block diagram conceptually illustrating an
example of a downlink frame structure in a mobile commu-
nication system.

FIG. 3 is a block diagram conceptually illustrating an
exemplary frame structure in uplink LTE/-A communica-
tions.
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FIG. 4 is a block diagram conceptually illustrating time
division multiplexed (TDM) partitioning in a heterogeneous
network according to one aspect of the disclosure.

FIG. 5 is a block diagram conceptually illustrating a design
of a base station/eNB and a UE configured according to one
aspect of the present disclosure.

FIG. 6 is block diagram conceptually illustrating an
example of a mobile communication system

FIG. 7 is a functional block diagram illustrating example
blocks executed to implement one aspect of the present dis-
closure.

FIG. 8 is a functional block diagram illustrating example
blocks executed to implement one aspect of the present dis-
closure.

DETAILED DESCRIPTION

The detailed description set forth below, in connection with
the appended drawings, is intended as a description of various
configurations and is not intended to limit the scope of the
disclosure. Rather, the detailed description includes specific
details for the purpose of providing a thorough understanding
of the inventive subject matter. It will be apparent to those
skilled in the art that these specific details are not required in
every case and that, in some instances, well-known structures
and components are shown in block diagram form for clarity
of presentation.

The techniques described herein may be used for various
wireless communication networks such as CDMA, TDMA,
FDMA, OFDMA, SC-FDMA and other networks. The terms
“network” and “system” are often used interchangeably. A
CDMA network may implement a radio technology, such as
Universal Terrestrial Radio Access (UTRA), Telecommuni-
cations Industry Association’s (TIA’s) CDMA2000®, and
the like. The UTRA technology includes Wideband CDMA
(WCDMA) and other variants of CDMA. The CDMA2000®
technology includes the IS-2000, IS-95 and IS-856 standards
from the Electronics Industry Alliance (EIA) and TIA. A
TDMA network may implement a radio technology, such as
Global System for Mobile Communications (GSM). An
OFDMA network may implement a radio technology, such as
Evolved UTRA (E-UTRA), Ultra Mobile Broadband
(UMB), IEEE 802.11 (Wi-Fi), IEEE 802.16 (WiMAX), IEEE
802.20, Flash-OFDMA, and the like. The UTRA and
E-UTRA technologies are part of Universal Mobile Telecom-
munication System (UMTS). 3GPP Long Term Evolution
(LTE) and LTE-Advanced (LTE-A) are newer releases of the
UMTS that use E-UTRA. UTRA, E-UTRA, UMTS, LTE,
LTE-A and GSM are described in documents from an orga-
nization called the “3rd Generation Partnership Project”
(3GPP). CDMA2000® and UMB are described in documents
from an organization called the “3rd Generation Partnership
Project 2” (3GPP2). The techniques described herein may be
used for the wireless networks and radio access technologies
mentioned above, as well as other wireless networks and
radio access technologies. For clarity, certain aspects of the
techniques are described below for LTE or LTE-A (together
referred to in the alternative as “LTE/-A”) and use such
LTE/-A terminology in much of the description below.

FIG. 1 shows a wireless network 100 for communication,
which may be an LTE-A network. The wireless network 100
includes a number of evolved node Bs (eNBs) 110 and other
network entities. An eNB may be a station that communicates
with the UEs and may also be referred to as a base station, a
node B, an access point, and the like. Each eNB 110 may
provide communication coverage for a particular geographic
area. In 3GPP, the term “cell” can refer to this particular
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geographic coverage area of an eNB and/or an eNB sub-
system serving the coverage area, depending on the context in
which the term is used.

An eNB may provide communication coverage for a macro
cell, a pico cell, a femto cell, and/or other types of cell. A
macro cell generally covers a relatively large geographic area
(e.g., several kilometers in radius) and may allow unrestricted
access by UEs with service subscriptions with the network
provider. A pico cell would generally cover a relatively
smaller geographic area and may allow unrestricted access by
UESs with service subscriptions with the network provider. A
femto cell would also generally cover a relatively small geo-
graphic area (e.g., a home) and, in addition to unrestricted
access, may also provide restricted access by UEs having an
association with the femto cell (e.g., UEs in a closed sub-
scriber group (CSG), UEs for users in the home, and the like).
An eNB for a macro cell may be referred to as a macro eNB.
An eNB for a pico cell may be referred to as a pico eNB. And,
an eNB for a femto cell may be referred to as a femto eNB or
ahome eNB. In the example shown in FIG. 1, the eNBs 110q,
1105 and 110¢ are macro eNBs for the macro cells 102a,1025
and 102¢, respectively. The eNB 110x is a pico eNB for a pico
cell 102x. And, the eNBs 110y and 110z are femto eNBs for
the femto cells 102y and 102z, respectively. An eNB may
support one or multiple (e.g., two, three, four, and the like)
cells.

The wireless network 100 also includes relay stations. A
relay station is a station that receives a transmission of data
and/or other information from an upstream station (e.g., an
eNB, a UE, or the like) and sends a transmission of the data
and/or other information to a downstream station (e.g.,
another UE, another eNB, or the like). A relay station may
also be a UE that relays transmissions for other UEs. In the
example shown in FIG. 1, a relay station 1107 may commu-
nicate with the eNB 110q and a UE 1207, in which the relay
station 1107 acts as a relay between the two network elements
(the eNB 1104 and the UE 120r) in order to facilitate com-
munication between them. A relay station may also be
referred to as a relay eNB, a relay, and the like.

The wireless network 100 may support synchronous or
asynchronous operation. For synchronous operation, the
eNBs may have similar frame timing, and transmissions from
different eNBs may be approximately aligned in time. For
asynchronous operation, the eNBs may have different frame
timing, and transmissions from different eNBs may not be
aligned in time.

The UEs 120 are dispersed throughout the wireless net-
work 100, and each UE may be stationary or mobile. A UE
may also be referred to as a terminal, a mobile station, a
subscriber unit, a station, or the like. A UE may be a cellular
phone, a personal digital assistant (PDA), a wireless modem,
a wireless communication device, a handheld device, a tablet
computer, a laptop computer, a cordless phone, a wireless
local loop (WLL) station, or the like. A UE may be able to
communicate with macro eNBs, pico eNBs, femto eNBs,
relays, and the like. In FIG. 1, a solid line with double arrows
indicates desired transmissions between a UE and a serving
eNB, which is an eNB designated to serve the UE on the
downlink and/or uplink. A dashed line with double arrows
indicates interfering transmissions between a UE and an eNB.

LTE/-A utilizes orthogonal frequency division multiplex-
ing (OFDM) on the downlink and single-carrier frequency
division multiplexing (SC-FDM) on the uplink. OFDM and
SC-FDM partition the system bandwidth into multiple (K)
orthogonal subcarriers, which are also commonly referred to
as tones, bins, or the like. Each subcarrier may be modulated
with data. In general, modulation symbols are sent in the
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6

frequency domain with OFDM and in the time domain with
SC-FDM. The spacing between adjacent subcarriers may be
fixed, and the total number of subcarriers (K) may be depen-
dent on the system bandwidth. For example, K may be equal
to 72, 180, 300, 600, 900, and 1200 for a corresponding
system bandwidth of 1.4, 3, 5,10, 15, or 20 megahertz (MHz),
respectively. The system bandwidth may also be partitioned
into sub-bands. For example, a sub-band may cover 1.08
MHz, and there may be 1, 2, 4, 8 or 16 sub-bands for a
corresponding system bandwidth of 1.4, 3, 5, 10, 15, or 20
MHz, respectively.

FIG. 2 shows a downlink frame structure used in LTE/-A.
The transmission timeline for the downlink may be parti-
tioned into units of radio frames. Each radio frame may have
a predetermined duration (e.g., 10 milliseconds (ms)) and
may be partitioned into 10 subframes with indices of 0
through 9. Each subframe may include two slots. Each radio
frame may thus include 20 slots with indices of 0 through 19.
Each slot may include L. symbol periods, e.g., 7 symbol
periods for a normal cyclic prefix (as shown in FIG. 2) or 6
symbol periods for an extended cyclic prefix. The 21 symbol
periods in each subframe may be assigned indices of O
through 21.-1. The available time frequency resources may
be partitioned into resource blocks. Each resource block may
cover N subcarriers (e.g., 12 subcarriers) in one slot.

In LTE/-A, an eNB may send a primary synchronization
signal (PSS) and a secondary synchronization signal (SSS)
for each cell in the eNB. The primary and secondary synchro-
nization signals may be sent in symbol periods 6 and 5,
respectively, in each of subframes 0 and 5 of each radio frame
with the normal cyclic prefix, as shown in FIG. 2. The syn-
chronization signals may be used by UEs for cell detection
and acquisition. The eNB may send a Physical Broadcast
Channel (PBCH) in symbol periods 0 to 3 in slot 1 of sub-
frame 0. The PBCH may carry certain system information.

The eNB may send a Physical Control Format Indicator
Channel (PCFICH) in the first symbol period of each sub-
frame, as seen in FIG. 2. The PCFICH may convey the num-
ber of symbol periods (M) used for control channels, where M
may be equal to 1, 2 or 3 and may change from subframe to
subframe. M may also be equal to 4 for a small system
bandwidth, e.g., with less than 10 resource blocks. In the
example shownin FI1G. 2, M=3. The eNB may send a Physical
HARQ Indicator Channel (PHICH) and a Physical Downlink
Control Channel (PDCCH) in the first M symbol periods of
each subframe. The PDCCH and PHICH are also included in
the first three symbol periods in the example shown in FIG. 2.
The PHICH may carry information to support hybrid auto-
matic retransmission (HARQ). The PDCCH may carry infor-
mation on resource allocation for UEs and control informa-
tion for downlink channels. The eNB may send a Physical
Downlink Shared Channel (PDSCH) in the remaining sym-
bol periods of each subframe. The PDSCH may carry data for
UEs scheduled for data transmission on the downlink.

In addition to sending PHICH and PDCCH in the control
section of each subframe, i.e., the first symbol period of each
subframe, the LTE-A may also transmit these control-ori-
ented channels in the data portions of each subframe as well.
As shown in FIG. 2, these new control designs utilizing the
data region, e.g., the Enhanced-Physical Downlink Control
Channel (EPDCCH) is included in the later symbol periods of
each subframe. The EPDCCH is a new type of control chan-
nel. The new control channel may be in the form of Frequency
Division Multiplexing (FDM), Time Division Multiplexing
(TDM), or a combination of FDM and TDM.

The eNB may send the PSS, SSS and PBCH in the center
1.08 MHz of the system bandwidth used by the eNB. The
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eNB may send the PCFICH and PHICH across the entire
system bandwidth in each symbol period in which these chan-
nels are sent. The eNB may send the PDCCH to groups of
UEs in certain portions of the system bandwidth. The eNB
may send the PDSCH to specific UEs in specific portions of
the system bandwidth. The eNB may send the PSS, SSS,
PBCH, PCFICH and PHICH in a broadcast manner to all
UEs, may send the PDCCH in a unicast manner to specific
UEs, and may also send the PDSCH in a unicast manner to
specific UEs.

A number of resource elements may be available in each
symbol period. Each resource element may cover one subcar-
rier in one symbol period and may be used to send one
modulation symbol, which may be a real or complex value.
Resource elements not used for a reference signal in each
symbol period may be arranged into resource element groups
(REGs). Each REG may include four resource elements in
one symbol period. The PCFICH may occupy four REGs,
which may be spaced approximately equally across fre-
quency, in symbol period 0. The PHICH may occupy three
REGs, which may be spread across frequency, in one or more
configurable symbol periods. For example, the three REGs
for the PHICH may all belong in symbol period O or may be
spread in symbol periods 0, 1 and 2. The PDCCH may occupy
9, 18, 32 or 64 REGs, which may be selected from the avail-
able REGs, in the first M symbol periods. Only certain com-
binations of REGs may be allowed for the PDCCH.

A UE may know the specific REGsused for the PHICH and
the PCFICH. The UE may search different combinations of
REGs for the PDCCH. The number of combinations to search
is typically less than the number of allowed combinations for
the PDCCH. An eNB may send the PDCCH to the UE in any
of the combinations that the UE will search.

A UE may be within the coverage of multiple eNBs. One of
these eNBs may be selected to serve the UE. The serving eNB
may be selected based on various criteria such as received
power, path loss, signal-to-noise ratio (SNR), etc.

FIG. 3 is a block diagram illustrating an exemplary frame
structure 300 in uplink long term evolution (LTE/-A) com-
munications. The available resource blocks (RBs) for the
uplink may be partitioned into a data section and a control
section. The control section may be formed at the two edges
of the system bandwidth and may have a configurable size.
The resource blocks in the control section may be assigned to
UE:s for transmission of control information. The data section
may include all resource blocks not included in the control
section. The design in FIG. 3 results in the data section includ-
ing contiguous subcarriers, which may allow a single UE to
be assigned all of the contiguous subcarriers in the data sec-
tion.

A UE may be assigned resource blocks in the control
section to transmit control information to an eNB. The UE
may also be assigned resource blocks in the data section to
transmit data to the eNode B. The UE may transmit control
information in a Physical Uplink Control Channel (PUCCH)
on the assigned resource blocks 310a and 3105 in the control
section. The UE may transmit only data or both data and
control information in a Physical Uplink Shared Channel
(PUSCH) on the assigned resource blocks 320a and 3205 in
the data section. An uplink transmission may span both slots
of'a subframe and may hop across frequency as shown in FIG.
3.

Referring back to FIG. 1, the wireless network 100 uses the
diverse set of eNBs 110 (i.e., macro eNBs, pico eNBs, femto
eNBs, and relays) to improve the spectral efficiency of the
system per unit area. Because the wireless network 100 uses
such different eNBs for its spectral coverage, it may also be
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referred to as a heterogeneous network. The macro eNBs
110a-c are usually carefully planned and placed by the pro-
vider of the wireless network 100. The macro eNBs 110a-c¢
generally transmit at high power levels (e.g., 5 W-40 W). The
pico eNB 110x and the relay station 1107, which generally
transmit at substantially lower power levels (e.g., 100 mW-2
W), may be deployed in a relatively unplanned manner to
eliminate coverage holes in the coverage area provided by the
macro eNBs 110a-¢ and improve capacity in the hot spots.
The femto eNBs 110y-z, which are typically deployed inde-
pendently from the wireless network 100 may, nonetheless,
be incorporated into the coverage area of the wireless network
100 either as a potential access point to the wireless network
100, if authorized by their administrator(s), or at least as an
active and aware eNB that may communicate with the other
eNBs 110 of the wireless network 100 to perform resource
coordination and coordination of interference management.
The femto eNBs 110y-z typically also transmit at substan-
tially lower power levels (e.g., 100 mW-2 W) than the macro
eNBs 110qg-c.

In operation of a heterogeneous network, such as the wire-
less network 100, each UE is usually served by the eNB 110
with the better signal quality, while the unwanted signals
received from the other eNBs 110 are treated as interference.
While such operational principals can lead to significantly
sub-optimal performance, gains in network performance are
realized in the wireless network 100 by using intelligent
resource coordination among the eNBs 110, better server
selection strategies, and more advanced techniques for effi-
cient interference management.

A pico eNB, such as the pico eNB 110w, is characterized by
a substantially lower transmit power when compared with a
macro eNB, such as the macro eNBs 110a-c. A pico eNB will
also usually be placed around a network, such as the wireless
network 100, in an ad hoc manner. Because of this unplanned
deployment, wireless networks with pico eNB placements,
such as the wireless network 100, can be expected to have
large areas with low signal to interference conditions, which
can make for a more challenging RF environment for control
channel transmissions to UEs on the edge of a coverage area
or cell (a “cell-edge” UE). Moreover, the potentially large
disparity (e.g., approximately 20 dB) between the transmit
power levels of the macro eNBs 110a-c¢ and the pico eNB
110x implies that, in a mixed deployment, the downlink cov-
erage area of the pico eNB 110x will be much smaller than
that of the macro eNBs 110a-c.

In the uplink case, however, the signal strength of the
uplink signal is governed by the UE, and, thus, will be similar
when received by any type of the eNBs 110. With the uplink
coverage areas for the eNBs 110 being roughly the same or
similar, uplink handoff boundaries will be determined based
on channel gains. This can lead to a mismatch between down-
link handover boundaries and uplink handover boundaries.
Without additional network accommodations, the mismatch
would make the server selection or the association of UE to
eNB more difficult in the wireless network 100 than in a
macro eNB-only homogeneous network, where the downlink
and uplink handover boundaries are more closely matched.

If server selection is based predominantly on downlink
received signal strength, the usefulness of mixed eNB deploy-
ment of heterogeneous networks, such as the wireless net-
work 100, will be greatly diminished. This is because the
larger coverage area of the higher powered macro eNBs, such
as the macro eNBs 110a-c, limits the benefits of splitting the
cell coverage with the pico eNBs, such as the pico eNB 110x,
because, the higher downlink received signal strength of the
macro eNBs 110a-c will attract all of the available UEs, while
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the pico eNB 110x may not be serving any UE because of its
much weaker downlink transmission power. Moreover, the
macro eNBs 110a-¢ will likely not have sufficient resources
to efficiently serve those UEs. Therefore, the wireless net-
work 100 will attempt to actively balance the load between
the macro eNBs 110a-c and the pico eNB 110x by expanding
the coverage area of the pico eNB 110x. This concept is
referred to as cell range extension (CRE).

The wireless network 100 achieves CRE by changing the
manner in which server selection is determined. Instead of
basing server selection on downlink received signal strength,
selection is based more on the quality of the downlink signal.
In one such quality-based determination, server selection
may be based on determining the eNB that offers the mini-
mum path loss to the UE. Additionally, the wireless network
100 provides a fixed partitioning of resources between the
macro eNBs 110a-¢ and the pico eNB 110x. However, even
with this active balancing ofload, downlink interference from
the macro eNBs 110a-c¢ should be mitigated for the UEs
served by the pico eNBs, such as the pico eNB 110x. This can
be accomplished by various methods, including interference
cancellation at the UE, resource coordination among the
eNBs 110, or the like.

In a heterogeneous network with cell range extension, such
as the wireless network 100, in order for UEs to obtain service
from the lower-powered eNBs, such as the pico eNB 110x, in
the presence of the stronger downlink signals transmitted
from the higher-powered eNBs, such as the macro eNBs
110a-c, the pico eNB 110x engages in control channel and
data channel interference coordination with the dominant
interfering ones of the macro eNBs 110a-c. Many different
techniques for interference coordination may be employed to
manage interference. For example, inter-cell interference
coordination (ICIC) may be used to reduce interference from
cells in co-channel deployment. One ICIC mechanism is
adaptive resource partitioning. Adaptive resource partition-
ing assigns subframes to certain eNBs. In subframes assigned
to a first eNB, neighbor eNBs do not transmit. Thus, interfer-
ence experienced by a UE served by the first eNB is reduced.
Subframe assignment may be performed on both the uplink
and downlink channels.

For example, subframes may be allocated between three
classes of subframes: protected subframes (U subframes),
prohibited subframes (N subframes), and common subframes
(C subframes). Protected subframes are assigned to a first
eNB for use exclusively by the first eNB. Protected subframes
may also be referred to as “clean” subframes based on the lack
of interference from neighboring eNBs. Prohibited sub-
frames are subframes assigned to a neighbor eNB, and the
first eNB is prohibited from transmitting data during the
prohibited subframes. For example, a prohibited subframe of
the first eNB may correspond to a protected subframe of a
second interfering eNB. Thus, the first eNB is the only eNB
transmitting data during the first eNB’s protected subframe.
Common subframes may be used for data transmission by
multiple eNBs. Common subframes may also be referred to
as “unclean” subframes because of the possibility of interfer-
ence from other eNBs.

At least one protected subframe is statically assigned per
period. In some cases only one protected subframe is stati-
cally assigned. For example, if a period is 8 milliseconds, one
protected subframe may be statically assigned to an eNB
during every 8 milliseconds. Other subframes may be
dynamically allocated.

Adaptive resource partitioning information (ARPI) allows
the non-statically assigned subframes to be dynamically allo-
cated. Any of protected, prohibited, or common subframes
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may be dynamically allocated (AU, AN, AC subframes,
respectively). The dynamic assignments may change quickly,
such as, for example, every one hundred milliseconds or less.

Heterogeneous networks may have eNBs of different
power classes. For example, three power classes may be
defined, in decreasing power class, as macro eNBs, pico
eNBs, and femto eNBs. When macro eNBs, pico eNBs, and
femto eNBs are in a co-channel deployment, the power spec-
tral density (PSD) ofthe macro eNB (aggressor eNB) may be
larger than the PSD of the pico eNB and the femto eNB
(victim eNBs) creating large amounts of interference with the
pico eNB and the femto eNB. Protected subframes may be
used to reduce or minimize interference with the pico eNBs
and femto eNBs. That is, a protected subframe may be sched-
uled for the victim eNB to correspond with a prohibited
subframe on the aggressor eNB.

FIG. 4 is a block diagram illustrating time division multi-
plexed (TDM) partitioning in a heterogeneous network
according to one aspect of the disclosure. A first row of' blocks
illustrate subframe assignments for a femto eNB, and a sec-
ond row of blocks illustrate subframe assignments for a
macro eNB. Each of the eNBs has a static protected subframe
during which the other eNB has a static prohibited subframe.
For example, the femto eNB has a protected subframe (U
subframe) in subframe 0 corresponding to a prohibited sub-
frame (N subframe) in subframe 0. Likewise, the macro eNB
has a protected subframe (U subframe) in subframe 7 corre-
sponding to a prohibited subframe (N subframe) in subframe
7. Subframes 1-6 are dynamically assigned as either protected
subframes (AU), prohibited subframes (AN), and common
subframes (AC). During the dynamically assigned common
subframes (AC) in subframes 5 and 6, both the femto eNB and
the macro eNB may transmit data.

Protected subframes (such as U/AU subframes) have
reduced interference and a high channel quality because
aggressor eNBs are prohibited from transmitting. Prohibited
subframes (such as N/AN subframes) have no data transmis-
sion to allow victim eNBs to transmit data with low interfer-
ence levels. Common subframes (such as C/AC subframes)
have a channel quality dependent on the number of neighbor
eNBs transmitting data. For example, if neighbor eNBs are
transmitting data on the common subframes, the channel
quality of the common subframes may be lower than the
protected subframes. Channel quality on common subframes
may also be lower for extended boundary area (EBA) UEs
strongly affected by aggressor eNBs. An EBA UE may
belong to a first eNB but also be located in the coverage area
of'a second eNB. For example, a UE communicating with a
macro eNB that is near the range limit of a femto eNB cov-
erage is an EBA UE.

Another example interference management scheme that
may be employed in LTE/-A is the slowly-adaptive interfer-
ence management. Using this approach to interference man-
agement, resources are negotiated and allocated over time
scales that are much larger than the scheduling intervals. The
goal of the scheme is to find a combination of transmit powers
for all of the transmitting eNBs and UEs over all of the time
or frequency resources that maximizes the total utility of the
network. “Utility” may be defined as a function of user data
rates, delays of quality of service (QoS) flows, and fairness
metrics. Such an algorithm can be computed by a central
entity that has access to all ofthe information used for solving
the optimization and has control over all of the transmitting
entities. This central entity may not always be practical or
even desirable. Therefore, in alternative aspects a distributed
algorithm may be used that makes resource usage decisions
based on the channel information from a certain set of nodes.
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Thus, the slowly-adaptive interference algorithm may be
deployed either using a central entity or by distributing the
algorithm over various sets of nodes/entities in the network.

In deployments of heterogeneous networks, such as the
wireless network 100, a UE may operate in a dominant inter-
ference scenario in which the UE may observe high interfer-
ence from one or more interfering eNBs. A dominant inter-
ference scenario may occur due to restricted association. For
example, in FIG. 1, the UE 120y may be close to the femto
eNB 110y and may have high received power for the eNB
110y. However, the UE 120y may not be able to access the
femto eNB 110y due to restricted association and may then
connect to the macro eNB 110c¢ (as shown in FIG. 1) or to the
femto eNB 110z also with lower received power (not shown in
FIG. 1). The UE 120y may then observe high interference
from the femto eNB 110y on the downlink and may also cause
high interference to the eNB 110y on the uplink. Using coor-
dinated interference management, the eNB 110¢ and the
femto eNB 110y may communicate over the backhaul 134 to
negotiate resources. In the negotiation, the femto eNB 110y
agrees to cease transmission on one of its channel resources,
such that the UE 120y will not experience as much interfer-
ence from the femto eNB 110y as it communicates with the
eNB 110c over that same channel.

In addition to the discrepancies in signal power observed at
the UEs in such a dominant interference scenario, timing
delays of downlink signals may also be observed by the UEs,
even in synchronous systems, because of the differing dis-
tances between the UEs and the multiple eNBs. The eNBs in
a synchronous system are presumptively synchronized across
the system. However, for example, considering a UE that is a
distance of 5 km from the macro eNB, the propagation delay
of any downlink signals received from that macro eNB would
be delayed approximately 16.67 ps (5 km+3x10%, i.e., the
speed of light, ‘c’). Comparing that downlink signal from the
macro eNB to the downlink signal from a much closer femto
eNB, the timing difference could approach the level of a
time-to-live (TTL) error.

Additionally, such timing difference may impact the inter-
ference cancellation at the UE. Interference cancellation
often uses cross correlation properties between a combination
of multiple versions of the same signal. By combining mul-
tiple copies of the same signal, interference may be more
easily identified because, while there will likely be interfer-
ence on each copy of the signal, it will likely not be in the
same location. Using the cross correlation of the combined
signals, the actual signal portion may be determined and
distinguished from the interference, thus, allowing the inter-
ference to be canceled.

FIG. 5 shows a block diagram of a design of a base station/
eNB 110 and a UE 120, which may be one of the base
stations/eNBs and one of the UEs in FIG. 1. For a restricted
association scenario, the eNB 110 may be the macro eNB
110¢ in FIG. 1, and the UE 120 may be the UE 120y. The eNB
110 may also be a base station of some other type. The eNB
110 may be equipped with antennas 534a through 5347, and
the UE 120 may be equipped with antennas 552a through
552r

Atthe eNB 110, a transmit processor 520 may receive data
from a data source 512 and control information from a con-
troller/processor 540. The control information may be for the
PBCH, PCFICH, PHICH, PDCCH, etc. The data may be for
the PDSCH, etc. The transmit processor 520 may process
(e.g., encode and symbol map) the data and control informa-
tion to obtain data symbols and control symbols, respectively.
The transmit processor 520 may also generate reference sym-
bols, e.g., for the PSS, SSS, and cell-specific reference signal.
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A transmit (TX) multiple-input multiple-output (MIMO)
processor 530 may perform spatial processing (e.g., precod-
ing) on the data symbols, the control symbols, and/or the
reference symbols, if applicable, and may provide output
symbol streams to the modulators (MODs) 5324 through
532¢. Each modulator 532 may process a respective output
symbol stream (e.g., for OFDM, etc.) to obtain an output
sample stream. Each modulator 532 may further process
(e.g., convert to analog, amplify, filter, and upconvert) the
output sample stream to obtain a downlink signal. Downlink
signals from modulators 532a through 532¢ may be transmit-
ted via the antennas 534a through 534¢, respectively.

At the UE 120, the antennas 552a through 552r may
receive the downlink signals from the eNB 110 and may
provide received signals to the demodulators (DEMOD:s)
554a through 554, respectively. Each demodulator 554 may
condition (e.g., filter, amplify, downconvert, and digitize) a
respective received signal to obtain input samples. Each
demodulator 554 may further process the input samples (e.g.,
for OFDM, etc.) to obtain received symbols. A MIMO detec-
tor 556 may obtain received symbols from all the demodula-
tors 554a through 5547, perform MIMO detection on the
received symbols if applicable, and provide detected sym-
bols. A receive processor 558 may process (e.g., demodulate,
deinterleave, and decode) the detected symbols, provide
decoded data for the UE 120 to a data sink 560, and provide
decoded control information to a controller/processor 580.

On the uplink, at the UE 120, a transmit processor 564 may
receive and process data (e.g., for the PUSCH) from a data
source 562 and control information (e.g., for the PUCCH)
from the controller/processor 580. The transmit processor
564 may also generate reference symbols for a reference
signal. The symbols from the transmit processor 564 may be
precoded by a TX MIMO processor 566 if applicable, further
processed by the demodulators 5544 through 554~ (e.g., for
SC-FDM, etc.), and transmitted to the eNB 110. At the eNB
110, the uplink signals from the UE 120 may be received by
the antennas 534, processed by the modulators 532, detected
by a MIMO detector 536 if applicable, and further processed
by a receive processor 538 to obtain decoded data and control
information sent by the UE 120. The processor 538 may
provide the decoded data to a data sink 539 and the decoded
control information to the controller/processor 540.

The controllers/processors 540 and 580 may direct the
operation at the eNB 110 and the UE 120, respectively. The
controller/processor 540 and/or other processors and mod-
ules at the eNB 110 may perform or direct the execution of
various processes for the techniques described herein. The
controllers/processor 580 and/or other processors and mod-
ules at the UE 120 may also perform or direct the execution of
the functional blocks illustrated in FIGS. 8 and 9, and/or other
processes for the techniques described herein. The memories
542 and 582 may store data and program codes for the eNB
110 and the UE 120, respectively. A scheduler 544 may
schedule UEs for data transmission on the downlink and/or
uplink.

FIG. 6 shows a wireless network 600 for communication in
accordance with various aspects. Network 600 includes a
multiple eNBs 610. Each eNB 610 may provide communica-
tion coverage for a particular geographic area, for example,
macro cell 601 and multiple small cells 602-603 are provided.
It is noted that macro cell 601 may be implemented with the
functionality described above with respect to eNB 110 and
small cells 602-604 may be implemented as pico cells, femto
cells and/or other types of cells as discussed above with
respect the system of FIG. 1.
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The UEs 620 are dispersed throughout the wireless net-
work 600, and each UE may be stationary or mobile. As with
UE 120, UE 620 may also be referred to as a terminal, a
mobile station, a subscriber unit, a station, or the like. A UE
may be a cellular phone, a personal digital assistant (PDA), a
wireless modem, a wireless communication device, a hand-
held device, a tablet computer, a laptop computer, a cordless
phone, a wireless local loop (WLL) station, or the like. A UE
may have varying capabilities and in some cases may be able
to communicate with macro eNBs, and small cell eNBs. In
some cases, UEs may be able to utilize multiple eNBs simul-
taneously and may be able to communicate using both low
frequency carrier signals and high frequency carrier signals
either separately or simultaneously.

Communication paths between UEs 620 and eNBs 610 are
shown as either a dotted line or a solid line with double
arrows. The dotted lines indicate the exchange of control data
(e.g. location data, beamforming parameter data, or any other
data which facilitates in establishing the connection between
a small cell eNB and a UE), whereas the solid lines indicate
the exchange of actual call data or other payload data. Insome
aspects, the control data may be exchanged at a low fre-
quency, such as the frequency of a normal mobile device
operations in a cellular network (e.g. 400 MHz-3 GHz).
Whereas the established connection for payload data is
implemented at a higher frequency. In some cases the high
frequency may be millimeter wave (which may include near
millimeter wave) frequencies (e.g. 20 GHz-60 GHz).

In accordance with one aspect, UE 620 of small cell 602
supports communications which exchange control/location
data and payload data. Control/location information may
include any information that may be used to assist the con-
nection between UE 620 and eNB of small cell 602 both for
establishing and maintaining the connection. For example,
control/location information may include global positioning
system (GPS) data which provides for the actual location of
UE 620. Further, other data which may be used to assist in
locating UE 620 may be provided and utilized such as coarse
channel properties which may include path loss information,
delay profile information, line of sight (LOS) information,
information regarding multipath signals and the like. Such
information may be utilized to determine the location of UE
620 in order to better direct/steer the beam which conveys the
transmission toward UE 620 and to otherwise fine tune the
connection between eNB 610 and UE 620. Further, location
information may be provided by a different network device,
such as macro eNB 620. Such information may include infor-
mation gained from triangulating UE 620 within the commu-
nication network, or any other information which may be
obtained by a network device.

Course channel information may further include properties
which allow for angle of arrival (AOA) and angle of departure
(AOD) values to be determined. For example, uplink signal
and/or channel feedback information may be utilized to
derive AOA/AOD. Such values may also be used, alone or in
conjunction with other location data, for coarse initial beam
alignment the communication beam.

It is noted that control/location information may be trans-
mitted using multiple methods. For example, location infor-
mation such as GPS data may be sent as part of a MAC header,
may be transmitted separately using a variety of feedback
formats (such as channel quality indicator (CQI) format), and
may be transmitted as part of other feedback communica-
tions.

Further, in some aspects location data may be reduced to
provide the most important bits. For example, beamforming
direction may require only accuracy to a few meters, then
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more refined location information can be omitted in the feed-
back, e.g. only transmit most significant bits of GPS location
information. In another example, GPS data may include
information already known by a respective eNB such as gen-
eral geographic location (e.g. country, state, city, etc.). There-
fore, the length of a GPS latitude/longitude value may be
reduced to remove coarse information that is already known
within the small range of a cell, e.g. 1-2 km.

It is appreciated that at high frequencies the beam width of
highly dimensional arrays is on the order of a few degrees.
Accordingly, utilizing the control/location data to steer beam
620 in order to establish a high frequency connection pro-
vides for an efficient method to determine the beam direction
without having to make excessive layered/successive beam
tracing. Moreover, location information of eNB 610 may be
provided to UE 620 to instruct the UE regarding one or more
of beam direction of outgoing transmissions and/or beam
width, channel configuration information for downlink mea-
surements, and channel configuration information for the
uplink channel. Once the connection is established, data may
be transferred between UE 620 and eNB 610 at a much faster
rate.

After establishing the high frequency connection, UE 620
and eNB 610 of small cell 602 may continue to exchange
control/location information in order to maintain alignment
of'the beams. For example, the control data exchanged may be
continually or periodically fed back to aeNB when changes in
the environment have occurred, such as due to motion of UE
620, a reduction of signal strength, etc. Additionally, such
exchanges may be prompted to occur after a condition in the
communication network has crossed over a pre-determined
threshold (e.g. a significant drop in signal strength, a degree
of change in location of a UE, and the like).

In accordance with another aspect, small cell 603 supports
data communications with UE 620 only at a high frequency.
UE 620 also communicates with macro eNB 610 at a normal
operating frequency of network 600. In this case, UE 620 of
small cell 603 may be configured to transmit and/or receive
control/location information (e.g. the control/location infor-
mation described above with respect to small cell 602) with
macro eNB 610, while high frequency data transmissions are
exchanged with eNB 610 of small cell 603.

An example connection flow with respect to UE 620 of
small cell 603 may include the UE establishing a connection
with macro eNB 610 via an existing reliable link (e.g. WiFi,
UTMS, LTE, etc.). UE 620 may exchange, for example, GPS
information with macro eNB to determine whether a possible
high frequency connection is possible. A relative location to
the nearest small cell eNB 610 is calculated by the macro eNB
610 or a central controller for a cluster of eNBs. Once it is
determined that UE 620 is within range of small cell 603
macro eNB 610 may exchange relative position information
and other inter-frequency handover information with small
cell eNB 610. Additionally, macro eNB 610 may provide UE
620 with relevant information to allow UE 620 to direct
communications to eNB 610 of small cell 603. Small cell
eNB and UE may calculate relative LOS angles and corre-
sponding vectors and use these values to beamform around
the LOS path and establish a link (e.g., beam 631« facilitating
a communication link between small cell eNB 610 and UE
620 in cell 603).

As describe above, once a link is established location based
beam tracking may be implemented. Such beam tracking may
be utilized to beamform the high frequency link in the event
that it is determined that a UE moves (e.g., the location
information indicates a position for which the current beam is
non-optimal or otherwise unsatisfactory), if the signal
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strength otherwise drops, etc. For example, UE 620 may
move within small cell 603 as shown by arrow 604. During
such movement, location information may be sent again to
macro UE 610, relative locations may be determined, etc.
From this information it may be determined that one or more
aspect (e.g., azimuthal angle, elevation angle, beamwidth,
etc.) of the beam used in establishing the link is to be changed
to facilitate maintaining the link (e.g., resulting in beam 63154
directed to the new position of UE 620 in cell 603 to facilitate
maintaining the communication link). Such beam tracking
may be implemented periodically, continuously, on demand
from an eNB or UE, or in any other manner which provides
for a reliable connection while preferably not over-burdening
network communications.

In one aspect, once the high frequency communication link
is established, the control/location data communications may
be handed off to eNB 610 of small cell 603 and may then be
exchanged at the high frequency. In this case, the control data
may utilized in a manner that it continues to assist eNB 610 of
small cell 603 with directing the beam to maintain commu-
nications.

In one aspect, because macro eNB 610 can receive location
information from various UEs and make determinations
regarding whether a UE is in range of a small cell, eNB 610
may also utilize this information for power management of a
small cell eNB. For example, UE 620 within small cell 602
may move, as illustrated by arrow 605, to be outside of small
cell 602. Upon determining that no UE is in range of a small
cell 602 (or that a UE is not moving toward the small cell),
macro eNB 610 may cause the small cell eNB to deactivate.

Conversely, upon a UE entering a small cell (or moving
toward the small cell), again as illustrated by arrow 605,
macro eNB 610 may cause the small cell eNB to activate in
response to analyzing the aforementioned location informa-
tion and determining the UE’s proximity to the small cell.
Such an activation may be implemented upon a UE approach-
ing or becoming within a pre-determined distance of a small
cell, or upon becoming within range of the small cell. Further,
in one aspect, instead of simply activating/deactivating a
small cell eNB, location information of UEs may be utilized
to trigger scheduling of RACH/SRS operations to allow for
small cell eNB measurements to determine the need to acti-
vate for potential servicing of a UE. Once activated, the small
cell eNB may utilize location information to establish a beam
direction toward a UE to establish communications as
described above.

In the example above, it is described how the macro cell,
macro eNB 610, can help determining the activation/deacti-
vation of the small cell, such as small cell 602, based on the
location information. In yet another aspect, location informa-
tion received on one frequency may help activate/deactivate
communications on another frequency.

It is appreciated that the illustrated networks are scalable
and may include numerous eNBs. In some aspects, the con-
trol of activation/deactivation may be administered by a cen-
tral processing controller system which controls a cluster of
eNBs. Note that such activation and deactivation based on
location information can be also used for any frequency (not
necessarily for high or millimeter wave frequency), and can
work with single carrier (not necessarily for multi-carrier
deployment).

In view of exemplary systems shown and described herein,
methodologies that may be implemented in accordance with
the disclosed subject matter will be better appreciated with
reference to various functional block diagrams. While, for
purposes of simplicity of explanation, methodologies are
shown and described as a series of acts/blocks, it is to be
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understood and appreciated that the claimed subject matter is
not limited by the number or order of blocks, as some blocks
may occur in different orders and/or at substantially the same
time with other blocks from what is depicted and described
herein. Moreover, not all illustrated blocks may be required to
implement methodologies described herein. It is to be appre-
ciated that functionality associated with blocks may be imple-
mented by software, hardware, a combination thereof or any
other suitable means (e.g., device, system, process, or com-
ponent). Additionally, it should be further appreciated that
methodologies disclosed throughout this specification are
capable of being stored on an article of manufacture to facili-
tate transporting and transterring such methodologies to vari-
ous devices. Those skilled in the art will understand and
appreciate that a methodology could alternatively be repre-
sented as a series of interrelated states or events, such as in a
state diagram.

In accordance with one or more aspects of the aspects
described herein, with reference to FIG. 7, there is shown a
methodology 700, operable by a network device for imple-
menting wireless communications. Method 700 may include,
at 701, establishing a connection with a user device within a
wireless network. Additionally, method 700 may include, at
702, receiving location information regarding the user device.
Further, method 700 may include at 703, configuring a second
network device to beamform a high-frequency communica-
tion transmission to the user device based on the received
location information.

In related aspects, the establishing of a connection with a
user device may be implemented at a low frequency. Addi-
tionally, location information may include information from
a UE, and/or information from a separate source. Location
information may include one or more of global position sat-
ellite information, communication channel information, and
network triangulation information. Further, in some aspects,
location information of a UE may be provided to a network
device in a MAC header, as part of channel feedback com-
munication, etc.

The method may include one or more various optional
steps such as, calculating the relative location of the user
device with respect to a high-frequency base station by a
central controller of a cluster of network devices, calculating
relative line of sight angles between the user device and a
second network device (e.g. a high frequency base station),
determining whether the user device is in range of the second
network device, activating the second network device when
the user device is determined to be in range of a second
network device, deactivating the second network device
when the user device is determined to not be in range of the
second network device, and beam tracking the user device to
compensate for user device movement (which may be done
periodically, continuously, or in response to threshold obser-
vations).

Itis further appreciated that method 700 may be carried out
by various hardware devices such as eNBs 110 and 610
described above. Accordingly, such hardware may also be
considered a means for establishing a connection with a user
device within a wireless network, receiving location informa-
tion regarding the user device, and configuring a second net-
work device to beamform a high-frequency communication
transmission to the user device based on the received location
information.

In accordance with one or more aspects of the aspects
described herein, with reference to FIG. 8, there is shown a
methodology 800, operable by a user device, for implement-
ing wireless communications. Method 800 may include, at
801, establishing a connection with a network device within a
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wireless network. Method 800 may also include, at 802, pro-
viding location information corresponding to the user device
to the network device. Moreover, method 800 may include, at
803, establishing a high-frequency communication connec-
tion by the user device with a network device which has been
beam-formed based on the provided location information.

In related aspects, the provided location information may
include one or more of global position satellite information,
communication channel information, and network triangula-
tion information. Such information may be provided as part
of a low frequency communication. Additionally, location
information may be provided in a manner which reduces the
location information to include significant data bits. Location
information may be provided in a MAC header, as part of
feedback data and the like. Further, method 800 may include
additional steps such as providing additional location infor-
mation to maintain the established high-frequency commu-
nication.

It is further appreciated that method 800 may be carried out
by various hardware devices such as UEs 120 and 620
described above. Accordingly, such hardware may also be
considered a means for establishing a connection with a net-
work device within a wireless network, providing location
information corresponding to the user device to the network
device and establishing a high-frequency communication
connection with a network device which has been beam-
formed based on the provided location information.

Those of skill in the art would understand that information
and signals may be represented using any of a variety of
different technologies and techniques. For example, data,
instructions, commands, information, signals, bits, symbols,
and chips that may be referenced throughout the above
description may be represented by voltages, currents, elec-
tromagnetic waves, magnetic fields or particles, optical fields
or particles, or any combination thereof.

The functional blocks and modules in the FIGS. may com-
prise processors, electronics devices, hardware devices, elec-
tronics components, logical circuits, memories, software
codes, firmware codes, etc., or any combination thereof.

Those of skill would further appreciate that the various
illustrative logical blocks, modules, circuits, and algorithm
steps described in connection with the disclosure herein may
be implemented as electronic hardware, computer software,
or combinations of both. To clearly illustrate this interchange-
ability of hardware and software, various illustrative compo-
nents, blocks, modules, circuits, and steps have been
described above generally in terms of their functionality.
Whether such functionality is implemented as hardware or
software depends upon the particular application and design
constraints imposed on the overall system. Skilled artisans
may implement the described functionality in varying ways
for each particular application, but such implementation deci-
sions should not be interpreted as causing a departure from
the scope of the present disclosure. Skilled artisans will also
readily recognize that the order or combination of compo-
nents, methods, or interactions that are described herein are
merely examples and that the components, methods, or inter-
actions of the various aspects of the present disclosure may be
combined or performed in ways other than those illustrated
and described herein.

The various illustrative logical blocks, modules, and cir-
cuits described in connection with the disclosure herein may
be implemented or performed with a general-purpose proces-
sor, a digital signal processor (DSP), an application specific
integrated circuit (ASIC), a field programmable gate array
(FPGA) or other programmable logic device, discrete gate or
transistor logic, discrete hardware components, or any com-
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bination thereof designed to perform the functions described
herein. A general-purpose processor may be a microproces-
sor, but in the alternative, the processor may be any conven-
tional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combi-
nation of computing devices, e.g., a combination of a DSP
and a microprocessor, a plurality of microprocessors, one or
more microprocessors in conjunction with a DSP core, or any
other such configuration.

The steps of a method or algorithm described in connection
with the disclosure herein may be embodied directly in hard-
ware, in a software module executed by a processor, or in a
combination of the two. A software module may reside in
RAM memory, flash memory, ROM memory, EPROM
memory, EEPROM memory, registers, hard disk, a remov-
able disk, a CD-ROM, or any other form of storage medium
known in the art. An exemplary storage medium is coupled to
the processor such that the processor can read information
from, and write information to, the storage medium. In the
alternative, the storage medium may be integral to the pro-
cessor. The processor and the storage medium may reside in
an ASIC. The ASIC may reside in a user terminal. In the
alternative, the processor and the storage medium may reside
as discrete components in a user terminal.

In one or more exemplary designs, the functions described
may be implemented in hardware, software, firmware, or any
combination thereof. If implemented in software, the func-
tions may be stored on or transmitted over as one or more
instructions or code on a computer-readable medium. Com-
puter-readable media includes both computer storage media
and communication media including any medium that facili-
tates transfer of a computer program from one place to
another. Computer-readable storage media may be any avail-
able media that can be accessed by a general purpose or
special purpose computer. By way of example, and not limi-
tation, such computer-readable media can comprise RAM,
ROM, EEPROM, CD-ROM or other optical disk storage,
magnetic disk storage or other magnetic storage devices, or
any other medium that can be used to carry or store desired
program code means in the form of instructions or data struc-
tures and that can be accessed by a general-purpose or spe-
cial-purpose computer, or a general-purpose or special-pur-
pose processor. Also, a connection may be properly termed a
computer-readable medium. For example, if the software is
transmitted from a website, server, or other remote source
using a coaxial cable, fiber optic cable, twisted pair, or digital
subscriber line (DSL), then the coaxial cable, fiber optic
cable, twisted pair, or DSL, are included in the definition of
medium. Disk and disc, as used herein, includes compact disc
(CD), laser disc, optical disc, digital versatile disc (DVD),
floppy disk and blu-ray disc where disks usually reproduce
data magnetically, while discs reproduce data optically with
lasers. Combinations of the above should also be included
within the scope of computer-readable media.

As used herein, including in the claims, the term “and/or,”
when used in a list of two or more items, means that any one
of the listed items can be employed by itself, or any combi-
nation of two or more of the listed items can be employed. For
example, if a composition is described as containing compo-
nents A, B, and/or C, the composition can contain A alone; B
alone; C alone; A and B in combination; A and C in combi-
nation; B and C in combination; or A, B, and C in combina-
tion. Also, as used herein, including in the claims, “or’” as used
in a list of items prefaced by “at least one of” indicates a
disjunctive list such that, for example, a list of “at least one of
A,B,orC”means AorBorCorAB orAC or BCor ABC (i.e.,
A and B and C).
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The previous description of the disclosure is provided to
enable any person skilled in the art to make or use the disclo-
sure. Various modifications to the disclosure will be readily
apparent to those skilled in the art, and the generic principles
defined herein may be applied to other variations without
departing from the spirit or scope of the disclosure. Thus, the
disclosure is not intended to be limited to the examples and
designs described herein but is to be accorded the widest
scope consistent with the principles and novel features dis-
closed herein.

What is claimed is:

1. A method of wireless communication, comprising:

establishing, by a network device, a connection with a user

device within a wireless network;

receiving, by the network device, location information

regarding the user device; and

configuring, by the network device, a second network

device to beamform a high-frequency communication
transmission to the user device based on the received
location information, including exchanging, by the net-
work device with the second network device, the loca-
tion information.

2. The method of claim 1 wherein the establishing of a
connection with a user device is implemented at a low fre-
quency.

3. The method of claim 1 further including calculating the
relative location of the user device with respect to a high-
frequency base station by a central controller of a cluster of
network devices.

4. The method of claim 1 further including determining
whether the user device is in range of the second network
device.

5. The method of claim 4 further including activating the
second network device when the user device is determined to
be in range of the second network device.

6. The method of claim 4 further including deactivating the
second network device when the user device is determined to
not be in range of the second network device.

7. The method of claim 1 wherein location information
includes information received from a source other than the
user device.

8. The method of claim 1 wherein location information
includes at least one of global position satellite information,
communication channel information, and network triangula-
tion information.

9. The method of claim 1 wherein location information is at
least one of:

provided in a MAC header; and

is part of a channel feedback communication.

10. The method of claim 1 further including beam tracking
the user device to compensate for user device movement.

11. The method of claim 10 wherein beam tracking is
implemented in response to one of:

signal strength falling below a pre-determined threshold;

and

a change in location of a user device exceeds a pre-deter-

mined threshold.

12. A method of wireless communication, comprising:

establishing, by a user device, a connection with a network

device within a wireless network;

providing, by the user device, location information corre-

sponding to the user device to the network device; and
establishing a high-frequency communication connection
by the user device with a second network device which
has been beam-formed based on the provided location
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information at least in part by exchanging, by the net-
work device with the second network device, the loca-
tion information.

13. The method of claim 12 wherein the provided location
information includes at least one of global position satellite
information, communication channel information, and net-
work triangulation information.

14. The method of claim 12 wherein the provided location
information is reduced to include significant data bits.

15. The method of claim 12 wherein the provided location
information comprises bitwidth reduced global positioning
system (GPS) location information, the bitwidth reduced
GPS location information having at least one of a least sig-
nificant bit (LSB) or a most significant bit (MSB) removed.

16. The method of claim 12 wherein location information
is at least one of:

provided in a MAC header; and

is part of a channel feedback communication.

17. The method of claim 12 wherein the establishing of a
connection with the network device is implemented at a low
frequency.

18. An apparatus comprising:

means for establishing, by a network device, a connection

with a user device within a wireless network;

means for receiving, by the network device, location infor-

mation regarding the user device; and

means for configuring, by the network device, a second

network device to beamform a high-frequency commu-
nication transmission to the user device based on the
received location information, including means for
exchanging, by the network device with the second net-
work device, the location information.

19. The apparatus of claim 18 wherein the means for estab-
lishing the connection with a user device is implemented at a
low frequency.

20. The apparatus of claim 18 further including means for
calculating the relative location of the user device with
respectto a high-frequency base station by a central controller
of a cluster of network devices.

21. The apparatus of claim 18 further including a means for
determining whether the user device is in range of the second
network device.

22. The apparatus of claim 21 further including:

means for activating the second network device when the

user device is determined to be in range of the second
network device; and

means for deactivating the second network device when the

user device is determined to not be in range of the second
network device.

23. The apparatus of claim 18 wherein location informa-
tion includes at least one of:

information received from a source other than the user

device; and

at least one of global position satellite information, com-

munication channel information, and network triangu-
lation information, and

wherein the location information is one of:

provided in a MAC header; and
is part of a channel feedback communication.

24. The apparatus of claim 18 further including a means for
beam tracking the user device to compensate for user device
movement, wherein the means for beam tracking is imple-
mented in response to at least one of:

signal strength falling below a pre-determined threshold;

and

a change in location of a user device exceeds a pre-deter-

mined threshold.
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25. An apparatus comprising:

means for establishing, by a user device, a connection with
a network device within a wireless network;

means for providing, by the user device, location informa-
tion corresponding to the user device to the network 5
device; and

means for establishing a high-frequency communication

connection by the user device with a second network
device which has been beam-formed based on the pro-
vided location information at least in part by exchang- 10
ing, by the network device with the second network
device, the location information.

26. The apparatus of claim 25 wherein the provided loca-
tion information includes at least one of global position sat-
ellite information, communication channel information, and 15
network triangulation information.

27. The apparatus of claim 25 wherein the provided loca-
tion information is reduced to include significant data bits.

28. The apparatus of claim 25 wherein the provided loca-
tion information comprises bitwidth reduced global position- 20
ing system (GPS) location information, the bitwidth reduced
GPS location information having at least one of a least sig-
nificant bit (LSB) or a most significant bit (MSB) removed.

29. The apparatus of claim 25 wherein the provided loca-
tion information is at least one of: 25

provided in a MAC header; and

is part of a channel feedback communication.

30. The apparatus of claim 25 wherein the means for estab-
lishing the connection with the network device is imple-
mented at a low frequency. 30
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